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TUNED RETURN ELECTRODE WITH MATCHING 
INDUCTOR 

BACKGROUND OF THE INVENTION 

[0001] 1. The Field of the Invention 

[0002] The present invention relates generally to electro 
surgical systems. More speci?cally, the present invention 
relates to electrosurgical return electrodes that are adapted 
for providing safe and effective electrosurgery. 

[0003] 2. The Relevant Technology 

[0004] As is knoWn to those skilled in the art, modern 
surgical techniques typically employ radio frequency (RF) 
poWer to cut tissue and coagulate bleeding encountered in 
performing surgical procedures. For historical perspective 
and details of such techniques, reference is made to US. Pat. 
No. 4,936,842, issued to D’Amelio et al., and entitled 
“Electroprobe Apparatus,” the disclosure of Which is incor 
porated by this reference. 

[0005] As is knoWn to those skilled in the medical arts, 
electrosurgery is Widely used and offers many advantages 
including the use of a single surgical tool for both cutting 
and coagulating the tissue of a patient. Every monopolar 
electrosurgical generator system must have an active elec 
trode that is applied by the surgeon to the patient at the 
surgical site and a return path from the patient back to an 
electrosurgical generator that provides the RF poWer used 
during electrosurgical procedures. The active electrode at 
the point of contact With the patient must be small to produce 
a high current density resulting in a surgical effect of cutting 
or coagulating tissue. The return electrode, Which carries the 
same current as the active electrode, must be large enough 
in effective surface area at the point of communication With 
the patient so that the density of the electrosurgical current 
?oWing from the patient to the return electrode is limited to 
safe levels. If the density of the electrosurgical current is 
relatively high at the return electrode, the temperature of the 
patient’s skin and tissue Will rise in this area and can result 
in an undesirable patient burn. 

[0006] In 1985, the Emergency Care Research Institute, a 
Well-knoWn medical testing agency, published the results of 
testing it had conducted on electrosurgical return electrode 
site burns, stating that the heating of body tissue to the 
threshold of necrosis occurs When the current density 
exceeds 100 milliamperes per square centimeter. The Asso 
ciation for the Advancement of Medical Instrumentation 
(“AAMI”) has published standards that require that the 
maximum patient surface tissue temperature adjacent an 
electrosurgical return electrode should not rise more than six 
degrees (6°) Celsius under stated test conditions. 

[0007] Over the past tWenty years, products have been 
developed in response to the medical need for a safer return 
electrode. One advancement in return electrode technology 
Was the development of a ?exible electrode to replace the 
small, about 12><7 inches, ?at stainless steel plate electrode 
typically in use during electrosurgical procedures. This plate 
electrode Was typically coated With a conductive gel, placed 
under the patient’s buttocks, thigh, shoulders, or any other 
location, and relied upon gravity to ensure adequate contact 
area. These ?exible electrodes, Which are generally about 
the same siZe as the stainless steel plates, are coated With a 
conductive or dielectric polymer and have an adhesive 
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border on them so they Will remain attached to the patient 
Without the aid of gravity. By the early 1980’s, most 
hospitals in the United States Were using ?exible electrodes. 
Flexible electrodes resulted in feWer patient return electrode 
burns but resulted in additional surgical costs in the United 
States of several tens of millions of dollars each year 
because each electrode had to be disposed of after use. Even 
With this improvement, hospitals Were still experiencing 
some patient burns caused by electrodes that Would acci 
dentally fall off or partially separate from the patient during 
surgery. 

[0008] In an attempt to minimiZe the potential for patient 
burns, contact quality monitoring systems Were developed. 
Contact quality monitoring systems are adapted to monitor 
the contact area of an electrode that is in contact With a 
patient and turn off the electrosurgical generator Whenever 
there is insufficient contact area betWeen the patient and the 
electrode. Such circuits are shoWn, for example, in US. Pat. 
No. 4,200,104 issued to Harris, and entitled “Contact Area 
Measurement Apparatus for Use in Electrosurgery” and; 
US. Pat. No. 4,231,372, issued to NeWton, and entitled 
“Safety Monitoring Circuit for Electrosurgical Unit,” the 
disclosures of Which are incorporated by this reference. 
Contact quality monitoring systems have resulted in addi 
tional reduction in patient return electrode burns, but require 
special disposable electrodes, resulting in an increase in the 
cost per procedure. TWenty years after these systems Were 
?rst introduced, only 75 percent of all the surgical operations 
performed in the United States use contact quality monitor 
ing systems because of the increased costs and other factors. 

[0009] Self-limiting electrosurgical return electrodes pro 
vide an alternative to contact quality monitoring systems. 
Self-limiting electrosurgical return electrodes alloW electro 
surgery to be performed When the contact area betWeen the 
patient and the pad is sufficient to limit the density of the 
electrosurgical current to safe levels and When there are not 
too many materials placed betWeen the patient and the pad. 
When the contact area betWeen the patient and the return 
electrode falls beloW a minimum contact area or When too 

many materials are placed betWeen the patient and the pad, 
the properties of the pad limit the ?oW of current to prevent 
a patient burn. 

[0010] While self-limiting electrodes are typically reus 
able and provide current limiting, the impedance properties 
of the pad can result in unnecessary limiting of the electro 
surgical current even Where the contact area is sufficient to 
prevent patient burns. For example, during surgeries that 
require high current ?oW such as trans-urethral resection of 
the prostate procedures (TURP), though the contact area 
may be sufficient to conduct safe electrosurgery, small 
increases in impedance can noticeably affect the current 
?oW. Additionally, procedures involving small pediatric 
patients can result in diminished current ?oW due to the 
relatively small contact area of the patient With the pad and 
the resulting increases in impedance. This is particularly true 
for neonatal patients, Where the small siZe and mass of the 
patients have rendered present applications impractical. 

BRIEF SUMMARY OF THE INVENTION 

[0011] The present invention is directed to an electrosur 
gical return electrode adapted to prevent patient burns. The 
return electrode provides a bulk impedance that provides 
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self-limiting properties to the electrode. The bulk impedance 
of the electrosurgical return electrode allows the return 
electrode to be self-limiting and can result from the prop 
erties of the semi-insulating member, the conductor member, 
a combination of both the semi-insulating member and the 
conductor member, or a combination of tWo or more of the 

semi-insulating member, the conductor, clothing of the 
patient, blankets, sheets, and other materials that are dis 
posed betWeen the patient and the return electrode. 

[0012] According to one illustrative embodiment of the 
present invention, an inductor is coupled in series With a 
capacitive electrosurgical return electrode. Inclusion of the 
inductor optimiZes the How of the electrosurgical current by 
minimizing the effective impedance of the electrosurgical 
return electrode When the amount of contact area betWeen 
the patient and the electrosurgical return electrode is suffi 
cient to conduct electrosurgery or Where materials are placed 
betWeen the patient and the electrosurgical return electrode. 

[0013] According to another illustrative embodiment of 
the present invention, a capacitor is coupled in series With an 
inductive electrosurgical return electrode. Including the 
capacitor optimiZes the How of the electrosurgical current by 
minimiZing the effective impedance of the electrosurgical 
return electrode When the amount of contact area betWeen 
the patient and the electrosurgical return electrode is suffi 
cient to conduct electrosurgery. 

[0014] According to another illustrative embodiment of 
the present invention, the electrosurgical return electrode 
has a bulk impedance suf?cient to prevent a patient burn 
When the contact area betWeen the patient and the electrode 
is beloW a given threshold. The conductor member is 
adapted for use With circuitry that indicates to a user When 
the contact area betWeen the patient and the self-limiting 
member and/or return electrode is beloW a given threshold. 

[0015] These and other objects and features of the present 
invention Will become more fully apparent from the folloW 
ing description and appended claims, or may be learned by 
the practice of the invention as set forth hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] To further clarify the above and other advantages 
and features of the present invention, a more particular 
description of the invention Will be rendered by reference to 
speci?c embodiments thereof that are illustrated in the 
appended draWings. It is appreciated that these draWings 
depict only typical embodiments of the invention and are 
therefore not to be considered limiting of its scope. The 
invention Will be described and explained With additional 
speci?city and detail through the use of the accompanying 
draWings in Which: 

[0017] FIG. 1 is a perspective vieW of an electrosurgical 
system illustrating an inductor connected in series With an 
electrosurgical return electrode; 

[0018] FIG. 2 is a top vieW of a return electrode illustrat 
ing the principles by Which impedance varies as a function 
of contact area. 

[0019] FIG. 3 is a schematic vieW illustrating the imped 
ances presented to an electrosurgical generator and inductor 
coupled in series thereWith. 
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[0020] FIG. 4 is a chart illustrating in graphical form the 
relationship betWeen capacitive reactance, inductive reac 
tance, and frequency of an electrosurgical current. 

[0021] FIG. 5A is a perspective vieW illustrating a repre 
sentative patient in contact With a semi-insulating member 
of a return electrode. 

[0022] FIG. 5B is a chart illustrating in graphical form the 
relationship betWeen the effective impedance of a return 
electrode, the contact area betWeen a patient and a return 
electrode, and the effect of an inductor on the effective 
impedance. 
[0023] FIG. 5C is a chart illustrating in graphical form a 
desired range of reactive impedances Within Which effective 
electrosurgery may be performed and the relationship 
betWeen the effective impedance of a return electrode, the 
contact area betWeen a patient and a return electrode Without 
the use of an inductor, in accordance With the present 
invention. 

[0024] FIG. 5D is a chart illustrating in graphical form the 
relationship betWeen the effective impedance of a return 
electrode, the contact area betWeen a patient and a return 
electrode, and the effect of an inductor on the effective 
impedance. 
[0025] FIG. 6 is a block diagram illustrating an electro 
surgical poWer unit having a tunable variable inductor. 

[0026] FIG. 7 is a How diagram illustrating a method for 
utiliZing a variable inductor to change the amount of induc 
tance based on the amount of contact area betWeen the 
patient and the electrosurgical return electrode. 

[0027] FIG. 8 is a perspective vieW of an electrosurgical 
return electrode for use With a contact quality monitoring 
apparatus having a semi-insulating member and conductor 
members according to the present invention. 

[0028] FIG. 9 illustrates a conductor member having a 
?rst and second conductor arranged in matriX of alternating 
segments. 

[0029] FIG. 10 illustrates a conductor member having a 
?rst conductor and a second conductor interWoven in a 
lattice structure. 

[0030] FIGS. 11A, B illustrate a ?rst conductor and a 
second conductor that are con?gured to comprise a conduc 
tor member. 

[0031] FIG. 12 is a perspective vieW illustrating a con 
ductor member having a plurality of membrane sWitches. 

[0032] FIG. 13 is a cross-sectional exploded vieW illus 
trating the components of a membrane sWitch that can be 
utiliZed in connection With the conductor member of FIG. 
12. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0033] An electrosurgical return electrode is provided 
having a bulk impedance suf?cient to prevent a patient burn 
When the contact area betWeen the patient and the electrode 
is beloW a given threshold. According to one aspect of the 
invention, an inductor is coupled in series With a capacitor 
as part of an electrosurgical circuit. In the embodiment, an 
electrosurgical return electrode can include a capacitive 
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electrosurgical return electrode that is utilized With a series 
inductor. Alternatively, the electrosurgical return electrode 
can include an inductive electrosurgical return electrode that 
is utiliZed With a series capacitor. Where a series inductor is 
utiliZed, the inductor optimiZes the How of the electrosur 
gical current by counteracting the capacitive impedance of 
the electrosurgical return electrode When the amount of 
contact area betWeen the patient and the electrosurgical 
return electrode is sufficient to prevent patient burns. The 
conductor member, such as a split plate, may be adapted for 
use With circuitry that indicates to a user When the contact 
area betWeen the patient and the return electrode is beloW a 
given threshold. 

Series Inductor 

[0034] The following discussion Will be directed to a 
capacitive electrosurgical return electrode utiliZed With a 
series inductor to minimiZe the effective impedance of the 
electrosurgical return electrode. While a complete discus 
sion of the series capacitor for use With an inductive elec 
trosurgical return electrode is not included, as Will be 
appreciated by those skilled in the art, the principles dis 
cussed With reference to the series inductor employed With 
a capacitive electrosurgical return electrode can be utiliZed 
to minimiZe the bulk impedance of an inductive electrosur 
gical return electrode With a series capacitor. 

[0035] With reference noW to FIG. 1, there is shoWn an 
electrosurgical system 1 having an inductor coupled in series 
With a return electrode. This inductor minimiZes the imped 
ance in an electrosurgical circuit by counteracting all or a 
portion of the capacitive reactance resulting from the bulk 
impedance. System 1 includes a return electrode 10, an 
electrosurgical generator 12, and an inductor 20. There are 
also shoWn conductor members 14 and 16 that electrically 
connect return electrode to an electrosurgical tool 18 and 
electrosurgical generator 12 respectively. Electrosurgical 
generator 12 generates an electrosurgical current, i.e. radio 
frequency (RF) energy, Which is conveyed to electrosurgical 
tool 18 by Way of conductor member 14. 

[0036] Electrosurgical tool 18 utiliZes the electrosurgical 
current during a procedure to cut and coagulate tissue of a 
patient resting on return electrode 10. Various types of 
electrosurgical generators 12 are knoWn to those skilled in 
the art in light of the teaching contained herein. The elec 
trosurgical current is returned to electrosurgical generator 12 
through the patient and return electrode 10 by utiliZing 
conductor member 16 as the return path. In the illustrated 
embodiment, conductor members 14 and 16 comprise 
cabling that operate as conductors of the electrosurgical 
current. These conductor members 14 and 16 are illustrative 
of eXemplary structure capable of performing the function of 
means for conveying RF energy from one component to 
another component. One skilled in the art Would identify 
various other structures capable of performing the desired 
function. 

[0037] Return electrode 10 is adapted to limit the density 
of electrosurgical current ?oWing from a patient resting on 
return electrode 10 back to the electrosurgical generator. 
Return electrode 10 is adapted to provide self-limiting 
properties to prevent patient burns. The self-limiting prop 
erties of return electrode 10 increase the effective impedance 
of return electrode 10 as the contact area betWeen the patient 
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and return electrode 10 decreases to limit the How of 
electrosurgical current. By limiting the How of electrosur 
gical current, use of electrosurgical tool 18 is inhibited and 
the possibility of patient burns is minimiZed. Illustrative 
materials and geometries for return electrode 10 are 
described in US. Pat. No. 6,454,764 entitled “Self-Limiting 
Electrosurgical Return Electrode” and other related patent 
applications, the disclosures of Which is incorporated herein 
by reference. 

[0038] The self-limiting aspects of the electrosurgical 
return electrode are the result of the impedance properties of 
the return electrode Whether the impedance results from 
capacitive, resistive or inductive components or reactances. 
One impedance property of the return electrode is capacitive 
reactance resulting from the arrangement of the patient on 
return electrode 10. In one con?guration, a parallel plate 
capacitor formed betWeen the patient and the return elec 
trode provides the capacitive reactance. The patient com 
prises one of the plates of the parallel plate capacitor and 
return electrode 10 comprises the opposing plate. Other 
elements such as bedding, coatings on return electrode 10, 
the patient’s skin characteristics etc. form a gap and/or 
dielectric barrier betWeen the opposing plates. The amount 
of capacitive reactance provided is dependent upon the 
amount of patient contact With return electrode 10, the 
proXimity of the patient to return electrode 10 in non 
contacting areas, the type and amount of bedding positioned 
betWeen the patient and return electrode 10, the type and 
amount of coatings on return electrode 10, the characteristics 
of the patients body make-up, and a myriad of other factors. 

[0039] While capacitive reactance provides a portion of 
the overall impedance needed to achieve the self-limiting 
features of the electrode, it can limit the How of electrosur 
gical current at the electrosurgical interface When there is 
sufficient contact betWeen the patient and the return elec 
trode to prevent patient burns. The resulting diminished 
current flow is typically small and inconsequential during 
most surgical procedures. HoWever, for some procedures 
Where patient contact area is minimal (e.g. neonatal proce 
dures) or unusually high current flow is needed (e.g. TURPS 
procedures) any diminished capacity can be important. 

[0040] To maXimiZe poWer transfer While maintaining the 
self limiting aspects of the electrode, the aggregate of the 
reactive impedances exhibited by the circuit (i.e. capacitance 
and inductance) should be minimiZed When the contact area 
betWeen the patient and the electrode are sufficient to 
prevent patient burns. In other Words, by creating an overall 
circuit that appears to be as resistive as possible, maXimum 
poWer can be delivered by the circuit. Those skilled in the art 
recogniZe this concept as one of maXimiZing the amount of 
real poWer delivered to a circuit With respect to the amount 
of imaginary or reactive poWer eXisting in a circuit. One 
method of counteracting capacitive reactance in a circuit is 
by introducing into the circuit an appropriately constructed 
inductor, such as inductor 20. 

[0041] Inductor 20 is connected in series With electrosur 
gical electrode 10. Inductor 20 is con?gured to minimiZe the 
effective impedance of the electrosurgical circuit When the 
amount of contact area betWeen the patient and the electro 
surgical return electrode is sufficient to conduct electrosur 
gery. Inductor 20 minimiZes the effective impedance of the 
electrosurgical return electrode by counteracting the capaci 
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tive reactance. It is desirable that the power generated by the 
electrosurgical generator 12 be concentrated in the region 
Where the surgeon’s implement contacts the patient’s tissue 
at the electrosurgical interface. Increasing the current How in 
the electrosurgical circuit by reducing impedances other 
than at the electrosurgical interface allows for such a result. 

[0042] Illustratively, Ohms laW teaches that the relation 
ship betWeen Voltage (V), current (I), and impedance (Z) is 
given by: 

(1) 

[0043] If Voltage in the electrosurgical circuit is held 
constant, reducing the value of the aggregate impedance of 
the circuit causes a resultant increase in the current through 
circuit. The real poWer (P) dissipated at any component 
Within the circuit is given by the equation: 

[0044] Applying this equation to the resistive impedance 
at the surgical interface, When the resistance (R) at the 
surgical interface remains constant, increasing the current (I) 
How through the constant resistance increases the poWer 
dissipated by that resistance by a factor of the current 
squared. Thus, increasing the current How in the circuit can 
be accomplished by reducing various impedances in the 
circuit. By increasing the current How in the circuit, more of 
the available poWer is concentrated at the surgical interface. 

[0045] The effective impedance of the electrosurgical 
return electrode 10 may signi?cantly limit the amount of 
poWer delivered to the electrosurgical interface by reducing 
the overall current in the circuit. The impedance of the 
electrosurgical return electrode can be the sum of one or any 
combination of a resistive component, a capacitive compo 
nent, and an inductive component. Inductor 20 is capable of 
reducing the magnitude of the effective impedance of the 
electrosurgical circuit by counteracting the capacitive com 
ponent of the effective impedance of the electrosurgical 
return electrode 10. Reducing the magnitude of the effective 
impedance of the electrosurgical circuit results in increased 
How of electrosurgical current and a resultant increase in 
poWer delivered by the electrosurgical current to the elec 
trosurgical interface. 

[0046] A variety of different types and con?gurations of 
inductors can be utiliZed in light of the present invention 
including, but not limited to, a solid state inductor or a 
mechanically tunable inductor. Further, various con?gura 
tions of inductors may be used such as ?xed value inductors 
or tunable inductors. Tunable inductors may be accom 
plished in several Ways, including but not limited to, 
mechanically tunable inductors, inductor banks using 
mechanical or solid state sWitching to add and remove 
inductive elements, solid state inductors and digital poWer 
shaping circuits that generate electrical signals of appropri 
ate phase and magnitude to counteract capacitive impedance 
elements. In the illustrated embodiment inductor 20 is 
coupled to conductor member 16. As Will be appreciated by 
those skilled in the art, inductor 20 can be placed in a variety 
of positions Within the system and in a variety of con?gu 
rations Without departing from the scope and spirit of the 
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present invention. For example, the inductor can be placed 
in conductor member 14, electrosurgical tool 18, or electro 
surgical generator 12. Further, one or more inductors may be 
used in system 1 to reduce the magnitude of the effective 
impedance. 
[0047] NoW turning to FIG. 2, there Will be seen a 
schematic representation of the top vieW of a return elec 
trode 10 illustrating the self-limiting principles of return 
electrode 10. The effective impedance of return electrode 10 
and its relationship to self-limiting principles illustrates the 
manner in Which an inductor can be utiliZed to minimiZe the 
effective impedance of the electrosurgical return electrode. 
For instructional purposes of this description and to aid in 
the mathematical modeling of electrode 10, electrode 10 
may be thought of as including a plurality of uniformly 
siZed, continuous regions or segments as represented by 
regions 11a, 11b, 11c . . . lln. One skilled in the art Will 
appreciate, hoWever, that electrode 10 may include discon 
tinuous regions or segments. 

[0048] It is knoWn that, in contrast With the series circuit, 
combined resistive, inductive, and capacitive reactances, 
When connected in parallel, present a total effective imped 
ance that is given by the formula: 

1 (3) 

[0049] Using an exemplary resistive circuit for ease of 
explanation, if 100 similar impedances, each of 100 ohms, 
Were connected in parallel, the effective impedance Z61f 
Would equal one ohm. If half of such impedances Were 
effectively disconnected, the remaining effective impedance 
Would be tWo ohms, and if only one of the impedances Were 
active in the circuit, the remaining effective impedance 
Would be 100 ohms. Using these principles, the total effec 
tive impedance of electrode 10 can be rendered self-limiting 
due to properties of capacitors, resistors, and inductors in 
parallel. 

[0050] Discrete segments of a resistive electrode formed 
from a uniform material function as resistors in parallel With 
the number of resistors in parallel corresponding With the 
number of discrete segments contributing to the effective 
impedance. Each discrete segment correlates With a portion 
of the surface area of the uniform material. In other Words, 
the impedance of a resistor is, among other things, a function 
of the surface area of the face of the resistor. This relation 
ship is described by the equation: 

L (4) 
R = Pix) 

[0051] In the equation R represents resistance, p repre 
sents a material constant, L represents the length of the 
resistor, and A represents the surface area. Increasing the 
surface area has the same effect as adding resistive compo 
nents in parallel With one another. For example, doubling the 
surface area of the resistor has the effect of reducing the 
overall resistance by 1/2, the same as if tWo identically siZed 
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resistors Were connected in parallel. A similar analysis can 
be performed for capacitive and inductive elements. As 
such, electrode 10 can be modeled as a plurality of distinct 
segments each capable of being added in a parallel con?gu 
ration With each of the other segments of electrode 10. 

[0052] Each of the segments of electrode 10 correspond 
ing to segments 11a . . . 11n inherently has the capability of 
presenting an impedance. HoWever, the number of such 
segments that are effectively active in parallel Within the 
circuit is a direct function of the surface area of the patient 
that overlies the electrode. Thus, in the case of a large supine 
patient Whose body is in effective contact With 50 percent 
(50%) of the upper surface of electrode 10, 50 percent of the 
segments corresponding to segments 11a-11n Will be effec 
tively in parallel in the circuit to form a given impedance. 
Where electrode 10 contains 100 segments of 1000 ohms 
each, the effective impedance operatively presented by the 
effective 50 percent of the electrode elements Would be 20 
ohms. Because 20 ohms is very small compared With the 
impedance at the surgical interface, a loW percentage of the 
available energy is dissipated at the region of contact 
betWeen the patient and electrode 10, and due also to the 
relatively large effective Working area of electrode 10, 
current density, and temperature elevation are maintained 
beloW the danger thresholds mentioned above. When the 
impedance created by placing a patient on the electrode 
includes reactive impedances, such as capacitive and induc 
tive impedances, even less of the energy available is dissi 
pated at the region of contact betWeen the patient and 
electrode 10 because reactive impedances do not dissipate 
real poWer. 

[0053] NoW, if for any reason, the effective contact area 
betWeen the patient and electrode 10 Were to be reduced to 
the surface of only one of segments 11a-11n, then the 
effective impedance Would increase to 1000 ohms. As the 
contact area decreases, a point is reached in Which the 
effective impedance rises to a level such that it diminishes 
the electrosurgical effect of tool or instrument 18 or other 
Wise prevents effective use of tool or instrument 18 by the 
surgeon. This diminishing of electrosurgical effect or effec 
tiveness of tool or instrument 18 signals to the surgeon that 
the patient should be repositioned so as to present a greater 
surface area in contact With return electrode 10. As the 
effective impedance rises, the total circuit impedance Would 
be increased so that the total current How Would be reduced 
to a value beloW that Which Would cause undesired trauma 
to the patient if the surgeon attempted to employ tool or 
instrument 18 Without repositioning the patient. 

[0054] When the effective contact area is large, the effec 
tive impedance is loW such that the current at the surgeon’s 
implement is high. Also, because the contact area is large 
and the total current How is distributed across the entire 
contact area, the corresponding current density across return 
electrode 10 is loW. This is the condition desired for per 
forming surgery. HoWever, as the effective surface area 
decreases, the impedance of return electrode 10 increases 
such that in electrosurgical generators that maintain a con 
stant voltage, a corresponding decrease in the current at tool 
or instrument 18 (FIG. 1) results. When the effective surface 
area declines to some point, there Will remain insuf?cient 
current at tool or instrument 18 to effectively conduct 
surgery. The point Where effective surgery can no longer be 
conducted depends on many of the factors discussed herein 

May 26, 2005 

including among other things the design of the electrosur 
gical generator, the design of electrode 10 and the materials 
placed betWeen the patient and electrode 10. The parameters 
selected for the materials and dimensions of electrode 10 are 
chosen so that current density and corresponding tissue 
temperature elevation adjacent return electrode 10 does not 
eXceed the limits mentioned in the introduction hereof. For 
eXample, in one embodiment return electrode 10 has a bulk 
impedance of at least 4,000 Q cm so as to limit the current 
density to safe levels. To facilitate description of the prin 
ciples underlying the invention, the foregoing is described in 
terms of impedances Whose principal components are resis 
tances and capacitive reactances. HoWever, the principles of 
the invention are also applicable to other embodiments in 
Which the impedances include any combination of resistive, 
capacitive and/or inductive impedances. 

[0055] While the above eXample has been framed in the 
conteXt of a ?xed voltage electrosurgical generator, some 
generators are designed to maintain a constant poWer output. 
Thus, as the effective contact area betWeen the patient and 
electrode 10 decreases thereby causing an increase in imped 
ance in the electrosurgical circuit, constant poWer generators 
Will increase the voltage to maintain a constant poWer output 
at the operating site. Nonetheless, electrode 10 can limit 
current density and tissue heating using these generators. 
Those skilled in the art understand that even constant poWer 
electrosurgical generators have a designed maXimum volt 
age level, so there exists a point Where the electrosurgical 
generator does not increase poWer or voltage, and the 
constant voltage eXample described above is applicable. 

[0056] Even When no designed maXimum voltage level 
eXists, electrode 10 can provide current limiting and heat 
limiting properties. Those skilled in the art understand that 
there are inherent characteristics in any electrosurgical gen 
erator that limit the amount of poWer that can be delivered 
by the generator. Just one eXample is that of the poWer 
supply used to poWer the electrosurgical generator. Gener 
ally, the poWer supply Will contain self protective circuitry 
to limit the amount of poWer that can be generated by the 
poWer supply. Further, most poWer supplies include Wire 
Wound transformers that inherently have saturation points 
Where they are no longer able to deliver increasing amounts 
of poWer. Thus, at some point, for all practical purposes, 
every electrosurgical generator begins to behave like the 
constant voltage eXample described above so that the current 
and heat limiting electrode 10 can be implemented. 

[0057] By providing a return electrode 10 having both the 
desired bulk impedance and a sufficient surface area, the 
electrosurgical current is distributed suf?ciently such that 
the current density does not result in a patient burn. It has 
been found that With selected materials and geometries, the 
self-limiting principles hereof can be achieved in a return 
electrode as small as about seven square inches (or about 45 
square centimeters) in Working surface area, While the 
preferable range of eXposed upper Working surface area of 
return electrode 10 lies in the range of from about 11 to 
1,500 square inches (or about 70 to 9,680 square centime 
ters). 
[0058] Return electrode 10 need not be in direct physical 
contact With the patient. Having a Working surface area of 
this siZe eliminates the need for direct physical attachment, 
either directly to the skin of the patient or through gels. A 
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patient can be in electrical connection With return electrode 
10 Without requiring the use of adhesives or gels. This also 
alloWs return electrode 10 to be re-used thereby eliminating 
the need and cost of disposable split-plate electrodes that are 
commonly used. This reduces the cost for using contact 
quality monitoring techniques to verify that the patient is 
sufficiently in contact With a return electrode to prevent high 
current densities that result in patient burns. 

[0059] Additionally, it can be understood that the self 
limiting characteristics or capabilities of return electrode 10 
can be achieved Where return electrode 10 is substantially 
enclosed Within a semi-insulating member. Additionally, the 
self-limiting characteristics or capabilities can be provided 
in part, from materials, members or elements disposed 
betWeen return electrode 10 and a patient. For instance, such 
other materials, members, or elements can include but are 
not limited to, linens, draWsheets, clothing, blankets, or the 
like. Therefore, electrode 10 has an effective bulk impedance 
sufficient to prevent a patient burn When the contact area 
betWeen the patient and electrode 10 is beloW a given 
threshold. 

[0060] The electrode 10 according to the invention hereof 
may be made of conductive plastic, rubber, or other ?exible 
material Which, When employed in electrode 10 Will result in 
an effective impedance presented by each square centimeter 
of Working surface suf?cient to limit the current density to 
safe levels. Silicone or butyl rubber has been found to be 
particularly attractive materials as they are ?exible, as Well 
as readily Washable and steriliZable. Alternatively, a portion 
of return electrode 10 may be made of inherently relatively 
high resistance ?exible material altered to provide the req 
uisite conductivity. For example, a silicone rubber material 
in Which there are impregnated conductive ?bers, such as 
carbon ?ber, or in Which there have been distributed quan 
tities of other conductive substances such as carbon black, 
quantities of gold, silver, nickel, copper, steel, iron, stainless 
steel, brass, aluminum, or other conductors. A more com 
plete discussion of self-limiting characteristics can be found 
in US. Pat. No. 6,454,764 entitled “Self-Limiting Electro 
surgical Return Electrode,” Which is incorporated herein by 
reference. 

[0061] With reference noW to FIG. 3, there is shoWn a 
simpli?ed electrical schematic diagram of an electrosurgical 
circuit illustrating the manner in Which an inductor can be 
utiliZed to minimiZe the effective impedance of a return 
electrode. There are shoWn the typical impedances Zsource, 

_ , Z ment, Z effectively included in the 
electrosutglcaltool P _ _ 

operative path of an electrosurgical current during an opera 
tive procedure and an inductor 20 connected in series 
thereWith. The inductor 20 is con?gured to minimiZe the 
effective impedance of the electrosurgical return electrode 
When the amount of contact area betWeen the patient and the 
electrosurgical return electrode is safe With regard to current 
densities. 

return electrode 

[0062] Electrosurgical generator 12 is adapted to provide 
an electrosurgical current. Electrosurgical generator 12 can 
be adapted to function as a constant current or voltage 
generator, a variable current or voltage generator, a constant 
poWer ?oW generator, a variable poWer ?oW generator or 
any other suitable type of generator. Electrosurgical genera 
tor 12 has an inherent impedance associated With it repre 
sented by Z Connected to electrosurgical generator 12 source‘ 
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are conventional electrical conductor members 14 and 16 
Which respectively connect the generator 12 to the electro 
surgical tool 18 represented by impedance zelectmsmgical tool 
(Where the impedance is largely a result of the con?guration 
of the electrosurgical tool at the surgical interface) and a 
return electrode 10 represented by impedance Zreturn electrode. 
Impedance Zpatient is provided to represent the impedance 
presented by the patient’s tissue lying betWeen the operation 
site and the return electrode. 

[0063] The diagram of FIG. 3 is a simpli?ed version of the 
electrosurgical current circuit. The diagram generally con 
siders circuit elements in terms of the principal impedances, 
including the impedances contributed by the surgical inter 
face, the patient’s body, and the return electrode, so as to 
clearly and succinctly illustrate principles of the invention, 
it should be understood that in reality certain other param 
eters Would be encountered, parameters such as distributed 
inductance and distributed capacitance Which, for purposes 
of clarity in illustration of the principles hereof, are likely 
relatively small and so are not considered in this description. 

[0064] The initial embodiment, hereof, is that of an elec 
trode operating in an exclusive capacitive mode or a com 
bined resistive and capacitive mode. Accordingly, if the 
relatively small stray capacitive and inductive reactances are 
disregarded, the total effective impedance of the circuit Will 
be equal to the sum of the individual impedances Zsource, 
Zekcnmm a] ‘001’ Zpatient’ Zreturn electrode and ZL impedance of 
the in uctor); and because essentially the same current Will 
pass through all ?ve, the voltage generated by electrosurgi 
cal generator 12 Will be distributed across each impedance 
in the circuit in direct proportion to their respective values. 
The real poWer dissipated by each of the resistive elements 
of the circuit is dissipated in direct proportion to the value 
of the resistive element. 

[0065] Because it is desirable that the poWer generated by 
the electrosurgical generator 12 be concentrated in the 
region Where the surgeon’s implement contacts the patient’s 
tissue, ie the electrosurgical interface, it is desirable that the 
resistive component of the impedance represented by Zelectm 
surgical tool be substantial and that current passing there 
through (and consequent poWer dissipation) be concentrated 
in a very small region. The latter is accomplished by making 
the region of contact With the patient at the operative site 
very small. By equation 4, resistance is inversely propor 
tional to the area of the resistor. Thus as the area of the 
resistor, in this case the point of the electrosurgical tool 18, 
becomes smaller, the resistance of the electrosurgical tool 
becomes larger, With the resistance concentrated at the point 
of the electrosurgical tool. As such, the poWer dissipated 
directly at the surgical interface is increased With respect to 
the poWer dissipated at other locations in the circuit. 

[0066] In contrast to the region Where the surgeon’s imple 
ment contacts the patient’s tissue, it is desired that the 
effective impedance Zreturn electrode of the return electrode be 
minimiZed and that the current passing therethrough be 
distributed in a large region to avoid an undesirable patient 
burn. Accordingly, it is desired that the contact area betWeen 
the patient and the return electrode 10 be maximiZed and the 
effective impedance of the return electrode be small. Return 
electrode 10 is rendered self-limiting to ensure that the 
current density of the current passing therethrough is limited 
so as not to result in a patient burn. As Will be appreciated 
























